Background: Previous studies have examined correlations between BMI calculated using parent-reported and directlymeasured child height and weight. The objective of this study was to validate correction factors for parent-reported child measurements. Methods: Concordance between parent-reported and investigator measured child height, weight, and BMI (kg/m
Background
Measured height and weight, used in national surveillance surveys such as the National Health and Nutrition Examination Survey (NHANES) and the National Longitudinal Survey of Youth (NLSY), are used to calculate body mass index (BMI) percentile and to provide a portrait of the prevalence of childhood overweight and obesity in the U.S. [1] Inperson measurement can be time-and resourceintensive. It may not always possible to obtain measured height and weight in other surveillance systems (e.g., state, county, or municipal levels) or even larger studies using remote (e.g., phone, web) data collection. Self-reported (or proxy-report such as parents reporting on their children) height and weight, have been frequently employed as substitutes for measured height and weight.
Previous studies have examined correlations between BMI calculated using parent-reported and directlymeasured child height and weight and predictors of observed bias [2] [3] [4] [5] [6] [7] [8] [9] . A review by O'Connor and Gugenheim estimated that parent-reported height and weight had sensitivity for identifying children with obesity ranging from 22 to 79% and specificity ranging from 93 to 98% [10] . While these studies each have their own strengths, they are also subject to limitations. First, many use measures of correlation such as the Pearson's correlation coefficient or paired t-tests that fail to adequately detect levels of reproducibility [11] . Further, few studies report coefficients that can be employed to derive a correction factor for parent-reported child height and weight.
Correction factors exist for adult self-reported height and weight, but the evidence for a pediatric sample is sparse [12, 13] . The one correction factor reported for absolute child BMI (kg/m 2 ) adjusts only for age; characteristics that predict variation in self-report of height and weight in adults (race/ethnicity and sex) where not included [3] . One could speculate that parent reports of child height and weight can be additionally biased by other factors such as presence of other children in the household and continued growth over time, making it even more challenging to derive a correction factor for this young population.
The present study had two objectives. First, we sought to evaluate the level of concordance between parentreported and investigator-measured child height, weight, and derived child weight status (healthy weight, versus overweight/obese), within a large sample of 6 to 12 year olds from two metropolitan areas in the U.S. Second, if parent-reported and investigator-measured height, weight, and BMI were significantly non-concordant, we sought to develop regression models to predict corrected height, weight, and BMI estimates from parent-reported data and commonly obtained demographic factors.
Methods

Study population
This analysis was conducted using baseline data from the Neighborhood Impact on Kids (NIK) Study, a longitudinal observational cohort study examining associations between neighborhood characteristics and children's weight status in Seattle/King County in Washington State and San Diego County in California. Study recruitment was conducted between 2007 and 2009. Additional details on the study, including information about the recruitment procedures, are published elsewhere [14] . The study was approved by the Seattle Children's Institutional Review Board.
Anthropometric measures
As part of the study eligibility process, parents were asked to report height and weight for their child during screening calls. Children below the 10th percentile BMI for age and sex based on parent-reported child height and weight were ineligible. Otherwise eligible and interested children and parents completed an in-person study visit following this phone screen. The average time between the screening call and in-person visit was 28 ± 43.9 days. The in-person visits happened in research offices or at participants' homes based on participant preference. At the visit, the child's height and weight was measured by trained research assistants using standard protocols [15] . Height was measured on a stadiometer (office: 235 Heightronic Digital Stadiometer; home: Portable Seca 214) and weight was measured on a digital scale (office: Detecto 750; home: Detecto DR400C). Height and weight measurements were taken three or more times until three of four consecutive measurements were within 0.5 cm or 0.1 kg of each other respectively, with the average of the measurements used.
Reported and measured height and weight were used to calculate corresponding reported or measured BMI (kg/m 2 ) for parents and children. BMI percentile was calculated for children using the zanthro package in Stata (version 12) [16, 17] . Parents and children were classified as healthy weight (BMI < 25 kg/m2 or BMI percentile <85th) or overweight/obese (BMI ≥ 25 kg/m 2 or BMI percentile ≥85th) in accordance with Centers for Disease Control and Prevention (CDC) guidelines [18, 19] . Weight and height were converted to pounds and inches for reporting purposes.
All other socio-demographic information such as parent and child age, sex, race, ethnicity, and parent education and marital status, and household income and number of children in the household was collected using a self-report survey completed by the parent following the anthropometric measurement visit.
Analysis
Descriptive statistics (means and standard deviations for continuous variables and frequencies for categorical variables) were calculated for all study variables. Lin concordance correlation coefficients were used to assess concordance between parent-reported and measured child height, weight, and BMI [11] . A Lin coefficient of 1.0 suggests perfect concordance. In contrast to Pearson's correlation coefficients, paired t-tests, or intraclass correlation coefficients, the Lin coefficient is designed to detect departures from a 45°line of absolute concordance through the origin as well as precision of the data, and is therefore a better measure of concordance and reproducibility of data than its alternatives [11] . Weight status categories (healthy vs. overweight/obese) calculated using parent-reported height and weight were compared to categories calculated using investigator-measured child height and weight to assess sensitivity and specificity of parent-reported measures.
The primary outcomes for the three regression analyses were investigator-measured height, weight, and BMI. Linear regression models were employed in analyses between the primary outcomes, corresponding parent-reported outcomes, and other covariates. Purposeful selection of covariates was used to identify variables for multivariate models using a forward selection approach. Covariates that were significantly associated with anthropometric measures in initial analyses with α ≤ 0.10 were then included in separate multivariate linear regression models for each outcome. Significance of the association between the primary outcomes and covariates in the final multivariate models was assessed at an a priori α level of 0.05.
The data were partitioned and 75% of the data were randomly selected to serve as a training data set for the development of a correction model. The remaining 25% of the data were reserved to test the accuracy of the correction model. The regression coefficients from the training data were applied to the test data set to predict corrected height, weight, and BMI values using the predict command in Stata (version 12). These predicted corrected values were then compared to the investigator-measured values to assess the accuracy of the correction model using Lin's correlation coefficients. Accuracy of corrected BMI/BMI percentile in classifying individuals into weight status categories was assessed by calculating sensitivity and specificity.
Results
The sample of 756 families who completed an in-person visit for the NIK study was reduced to 678 by removing cases with data that was incomplete, invalid, or produced extreme outliers in the BMI z-score calculation [17] . An additional 62 observations (8.2%) were excluded because there was a greater than two-fold ratio of parent-reported to investigator-measured height or weight. The final sample included 616 parents and children with complete data. Parents were mostly White (75%), female (86.7%), highly educated (68.3% had a Bachelor's degree), and married (92.8%). Full sample demographic and health characteristics are presented in Table 1 .
Concordance was low between parent-reported and measured height (0.007), weight (− 0.039) and BMI (− 0.005) (Fig. 1 ). Similar to previous findings [3] , on average parents underestimated child height (− 0.82 in., 95% CI: −0.35, − 1.29); however, parents overestimated height for 6-9 year olds (1.08 in., 95% CI: 0.51, 1.65) and underestimated height for 10-12 year olds (− 3.76 in., 95% CI: −4.43, − 3.09). On average, parents underestimated child weight by 1.7 pounds (95% CI: −3.2, 0.2). In contrast to height, parents overestimated weight for 6-9 year olds (5.4 lb., 95% CI: 3.2, 7.6) and underestimated weight of 10-12 year olds (− 12.7 lb., 95% CI: −15.8, − 9.8). On average, there were no significant differences between child BMI using parent-reported versus investigator-measured height and weight (a difference of 0.24 kg/m Out of 159 children classified as overweight or obese using investigator-measured height and weight, only 52 of these children were also classified as overweight or obese using parent reported child height and weight (sensitivity = 32.7%). There were 457 children classified as healthy weight using investigator-measurements and 335 were correctly classified as healthy weight based on parent-report (specificity = 73.3%). (Table 2) .
To improve concordance between parent-reported and measured child height and weight, the sample was parsed into training (n = 462) and test (n = 154) data sets. Linear regression models were developed on the training data set to assess which, if any, covariates were correlated with investigator-measured child anthropometrics after accounting for corresponding parent-reported values. Child gender, parent gender, the number of the children in the household, and household income were not significant univariate predictors of misreport. While many other covariates were singularly correlated with misreport, when included in multivariate models many of these covariates were found not to be independent predictors of parent misreport. For child height and weight, the corresponding parent-reported measure and child's age were positively and significantly correlated with investigator-measured height and weight in multivariate models (R-squared = 0.62 and 0.39, respectively). BMI calculated using parent-reported child height and weight, child age, and parent education were significantly correlated with measured child BMI, with lower overall R-squared value for this model of 0.11 relative to the models for height and weight. (Table 3) .
Coefficients derived from these regression models were applied to the covariates in the test sample to generate corrected measures of parent-reported height, weight, and BMI. For example, corrected child height was calculated as:
Corrected measures were then compared to investigator measurements within the test sample. Mean predicted corrected parent-reported child height, weight, and BMI are reported in Table 4 . While the means of the corrected values are not always closer to the investigator measured values than the original parent-reported values, concordance in the corrected test samples improved to 0.752 for height, 0.616 for weight, and 0.227 for BMI. Sensitivity and specificity of uncorrected parent-reported measures in predicting overweight and obesity among children in the test sample were 42.8 and 79.5%, respectively. Sensitivity of corrected parentreported measures in predicting overweight and obesity among children in this test sample decreased to 25.6% while specificity increased to 88.6%.
Discussion
We examined concordance between parent-reported and investigator-measured child height, weight, and BMI among a sample of 6-12 year old children in two metropolitan areas in the western United States (U.S.). While sample mean values for height, weight, and BMI, and overweight/obesity prevalence estimates calculated using parent-reported and investigator-measured height and weight were similar, the sensitivity of parent-reported child height and weight for identifying overweight/obesity and concordance between parent-reported and investigator-measured height and weight on an individual child level were poor. Correction models that accounted for parent-reported measurements, child age, and parent education made significant improvements to concordance in our test sample for child height and weight, but not for child BMI. Even child BMI calculated using corrected height and weight did not result in improved sensitivity for identifying overweight or obese children, although specificity did improve.
Parents underestimated height for 10-12 years olds by 3.76 in., but only underestimated 10-12 year old child weight by 1.7 pounds. Other studies have found that parents were more likely to underestimate height than weight [3, 20] . While we hypothesized that this disparity may have been driven by confusing one child for another, the number of children in the household was not a significant predictor of misreport of child height. Children in this age group may be going through puberty and gaining height faster than they are gaining weight and parent recall may not be able to keep up with child growth trajectories. Additionally, compared to infants and younger children, routine doctor's visits where height is routinely measured are less common for this age group, which may affect parent estimates. A U.S. parent is more likely to report their child's height in whole inches, meaning that if they underestimate height by an inch, they underestimate height by 2.54 cm. A parent in a country using the metric system may be able to more accurately estimate their child's height in centimeters, a smaller unit. However, this also means that U.S. parents may be able to better estimate their child's weight using the smaller unit of pounds compared to the larger unit of kilograms (0.45 kg per pound) compared to parents in countries using the metric system. Given these differences in measurement and potential for measurement error, study findings may be limited to the context of countries that utilize an imperial measurement system.
Given similar mean estimates of child weight, height, and BMI, from a surveillance perspective, parentreported measurements may be adequate. However, any attempt to explore individual-level factors in relation to parent-report measures should be done cautiously given the poor individual-level concordance between parentreport and measured child anthropometrics found in this study. Dozens of national U.S. surveys including the Panel Study of Income Dynamics, the National Health Interview Survey, the Medical Expenditure Panel Survey, and the Early Childhood Longitudinal Study, to list a few, examine child development-related issues such as poverty, education, social and emotional development, and health and physical development, all of which can be mediated by or can impact obesity. Parental misreport and an inability to correct for misreport could impact our ability to understand these relationships.
In the present study, we sought to develop correction factors using commonly collected demographic information. Weight class was determined in accordance with CDC standards. Healthy weight represents a BMI < 85th percentile for age and sex, Overweight represents a BMI ≥ 85th percentile and < 95 percentile, and Obese represents a BMI ≥ 95th percentile However, some suggest that there are several reasons to avoid using correction factors, including, but not limited to heterogeneity in errors which may vary by age, race, gender, and socioeconomic status, which are readily available covariates, but also pubertal stage and exercise levels, which are harder to assess [2, 21] . Akinbambi et al. suggest that corrections are difficult to derive using linear regression even though using more complicated models may be more difficult for other investigators to use to derive corrected estimates [2] . This assertion may partially explain why we were able to improve concordance for child height and weight, but not child BMI, which is a nonlinear ratio of height and weight. Another explanation for the poor sensitivity of corrected BMI is that parents may misreport height and weight in different ways, as seen in our data when we look at misreport of height and weight by age groups. Even if we could understand the relationship between height misreport and weight misreport, it would be difficult to incorporate that information into a BMI correction factor given that BMI is a ratio that is reported as a single number. Some caution against using correction models, but the reality is that direct measurement of child height and weight for even just a subsample of study participants can be logistically and/or fiscally prohibitive. Requiring direct measures might exclude study participants who live in rural areas, participants with inflexible schedules that would prohibit them from completing in-person assessments, and could impede studies completed via the web and on mobile devices, which offer the advantage of being able to field a survey or experiment quickly with diverse respondent samples. While direct measurements The primary outcomes in these models were investigator-measured height, weight, and BMI Child gender, parent gender, household income, and number of children in the household were considered as part of our forward selection approach, but did not make it into multivariate models a Coefficient is non-significant at α = 0.05 and should not be included in correction model using a standardized protocol are the gold-standard for estimating obesity prevalence [22] , studies with limited budgets may need to rely on other approaches. There may be ways for investigators to improve parent-reported measurement. Concordance between parent-reported and investigator-measured height and weight may differ when the parent knows their child will be measured in-person at a later date [23] , when the parent does not anticipate that their child's measurements will be validated later [7, 10, 24] , and when the parent is asked to weigh and measure their child before reporting child height and weight [4] . Therefore, suggesting to parents that measurements will be later verified or asking parents to take measurements may improve accuracy.
We may still not fully understand parents' ability to understand numerical information or other biases that can lead to inaccurate parent report of child anthropometrics. Race [10, 23] , socioeconomic status [7] , and gender [7, 10] have been found to be associated with a lack of correlation between parent-reported and investigator-measured child anthropometric measurements. O'Connor and Gugenheim also found that parents overestimated their sons' heights and underestimated their daughters' heights, although we saw no relationship between child sex and concordance in this sample [10] . Our findings that parent education, in addition to child age, was associated with misestimation of child BMI brings to question other published correction factors that adjust height, weight, and BMI only for age [3] . There is no clear consistency between our findings and those in a study by Weden et al., which found that parents underestimate height for 2-8 year olds (− 2.1 in versus our estimate of + 1.1 in for 6-9 year olds) and 9-11 year olds (− 1.6 in versus our − 3.8 in for 10-12 year olds), overestimate weight for 2-8 year olds (+ 2.2 lbs. versus our + 5.4 lbs. for 6-9 year olds) and 9-11 year olds (+ 6.2 lbs. versus our − 12.7 lbs. for 10-12 year olds). There were fewer differences between our results and those of Weden et al. for child BMI; they estimated that parents overestimate BMI for 2-8 year olds (+ 1.5 kg/m 2 versus our + 0.69 kg/ m 2 for 6-9 year olds) and slightly overestimate weight for 9-11 year olds (+ 0.1 kg/m 2 versus our − 0.46 kg/m 2 for 10-12 year olds). Some of these differences may be attributable to the fact that the Weden analysis compared two nationally-representative samples; their correction factors are population averages. While this approach has the advantage of representativeness, our concordance findings compared to our average differences suggest that population averages can inappropriately suggest a level of accuracy at the individual level that is misleading [11] .
Limitations
This analysis was subject to limitations. Height was measured by investigators in centimeters, but parents were asked to report their child's height in inches. Therefore, investigators were able to get a more accurate height measurement than parents would have estimated. This disparity in measurement approaches could have resulted in a minor degree of child height misreport, but no more than one inch.
Secondly, the NIK sample was collected in two U.S. metropolitan areas and has limited sociodemographic diversity making it difficult to make conclusions specific to demographic characteristics such as race/ethnicity and socioeconomic status. A lack of diversity in the sample may limit the representativeness of these correction factors. An ideal correction factor would be developed using a nationally-representative sample that takes into account families of various racial/ethnic and socioeconomic backgrounds. However, we have previously observed differences in outcomes between different socioeconomic groups in the NIK sample, so the sample is not completely homogenous [25] . Lastly, data on health characteristics (e.g. age of menarche) that may impact obesity could be beneficial but are often not included in large data sets.
Conclusions
We explored concordance between parent-reported and measured child weight and height and were able to develop a correction factor that improved the concordance between parent-reported and investigator-measured child measurements for child height and weight. However, correction factors did not improve the sensitivity of parent-reported measures for measuring child overweight and obesity. Future research should be conducted using larger and more nationally-representative samples that allow researchers to fully explore demographic variance in correction coefficients. 
